Abstract: Konjac (Amorphophallus muelleri), a genus of tuberous plants in the Araceae family, is one of high-value crops in Southwest China. This study aimed at identifying the main pathogens causing tuber rot during storage of A. muelleri and screening the effective fungicides, so as to prolong the storage period of A. muelleri and decrease the losses. Isolation and identification, as well as pathogenicity test and retro-inoculation experiments were made for the pathogen causing tuber rot during storage of A. muelleri in Kunming city, Yunnan province, China. The effective fungicides for the main pathogens were also screened in the laboratory. Six fungi were identified as the pathogens causing tuber rot of A. muelleri, which were Fusarium solani (Mart.) Sacc., Fusarium oxysporum Schlecht., Botrytis cinerea Pers., Alternaria alternata (Fr.) Keissl., Rhizopus nigricans Ehrenb., Penicillium ulaiense Hsieh, Su & Tzean. The main pathogens causing postharvest diseases of A. muelleri were F. solani, F. oxysporum and B. cinerea. The isolation frequencies of them were 33.9%, 10.5% and 19.4%, respectively. After artificial inoculation, the incidence of tubers infected by F. solani, F. oxysporum and B. cinerea was 100%, 83% and 95%, respectively. The results of chemical screening showed that, in potato dextrose agar (PDA) media plate, the compounds Fludioxonil (50% WP) and Boscalid (50% WG) were the most effective in controlling the three main pathogens, and the average effect reached more than 97%. The test of fungicidal antisepsis on tubers consisted of A. muelleri being dipped in the 9,000 diluted solution of Fludioxonil (50% WP) or in the 3,500 diluted solution of Boscalid (50% WG) for 3 min and stored at room temperature (25 °C) for 7 d and 15 d, respectively. The fungicidal effects of Fludioxonil against F. solani, F. oxysporum and B. cinerea for 7 d and 15 d were 88.6%/83.2%, 90.1%/84.7% and 93.0%/91.5%, respectively, whereas the fungicidal effects of Boscalid were 87.0%/85.3%, 89.0%/85.6% and 89.2%/89.1%, respectively. The results may provide useful information for the control of postharvest diseases of A. muelleri.
Introduction


Moyu with the byname of Juruo is the Chinese name, and Amorphophallus konjac and konjac are the common English name. It is a perrenial tuberous plant in the Araceae family [1] [2] [3] [4] . Amorphophallus muelleri has a number of advantages, such as high disease resistance and high propagation coefficient as a species growing in tropical and sub-tropical areas Corresponding author: Jianrong Zhao, Ph.D., research fields: plant physiology and biochemistry, especially breeding and deep processing of Amorphophallus muelleri, Araceae. [5] [6] [7] . Konjac tubers are rich in konjac glucomannan (KGM), a natural, neutral, hydrophilic polysaccharide [7] [8] [9] [10] .
Glucomannan is an excellent gelling agent used in food, pharmaceutical and chemical industry, and konjac is a specialty crop grown as a source of glucomannan for industrial use. It is an important cash crop and thus contributes to poverty alleviation in Southwest China. Its planting area is about 150 million mu (10 million ha) [11] [12] [13] [14] [15] .
A. muelleri is an advantage cultivar with high D DAVID PUBLISHING disease resistance, high yield and high konjac glucomannan, and is suitable for planting at 500-1,700 m altitude, so there is a good prospect of popularization and application in tropical and sub-tropical areas. But, the konjac subterraneous tubers are susceptible to pathogen infection during postharvest and storage period because of their high moisture content. Infections may be caused by mechanical injuries of konjac tubers during field growth, harvest and transportation. Such injuries provide opportunities for the pathogenic microorganisms to infest the tubers [4] . The use of chemical fungicides is one of the main tactics being used for the management of plant diseases. Knowledge is scarce about the management of postharvest pathogens of A. muelleri by using chemical fungicides. The aim of the present work was to test the impact of different fungicides on growth inhibition and other biological parameters of postharvest pathogens of A. muelleri, which can provide the basic information for future management of postharvest pathogens of A. muelleri under field conditions.
Materials and Methods
Isolation and Purification of Pathogens
During 2012-2013, the main pathogens causing tuber rot during storage of A. muelleri were investigated in Kunming city, Yunnan province, China, and the disease symptoms were recorded and photographed. Samples of diseased plants were collected at the junction of disease and healthy tissues in different diseased organs to isolate the pathogens on clean bench. The collected samples were cut into 5 mm  5 mm pieces, sterilized with 0.1% mercuric chloride for 2-3 min and washed three times with sterile water, 3 min each time. The isolated tissues were transferred to potato dextrose agar (PDA) medium. A total 150 dishes of tissues were isolated and incubated at 28 °C. After 5 d, the number and morphology of isolated colonies were observed and recorded; the observed fungal colonies were respectively counted and coded. Single colonies were picked with a needle for purified culture, and preserved at 0-4 °C [16] .
Pathogenicity Test
The purified strains were incubated on PDA medium for 6 d, prepared into fungus cake using a punch with diameter of 5 mm, stuck on stabbed and non-stabbed fresh, healthy tuber tissues of A. muelleri, which were pre-sterilized with 75% ethanol, and the inoculated tissues were moisturized with sterile water-soaked absorbent cotton. In addition, tuber inoculated with PDA medium and moisturized with sterile water-soaked absorbent cotton were used as control [4] . All the inoculated tubers were cultured in a greenhouse at 28 °C, and each treatment was repeated nine times. The inoculated tubers were observed every one day to record inoculation results.
Furthermore, the isolated fungi were verified in accordance with Koch postulates to confirm whether these fungi were pathogens.
Pathogen Identification
The number and morphology of isolated colonies were observed and recorded; the observed fungal colonies were respectively counted and coded. Single colonies were picked with a needle for purified culture, and preserved at 0-4 °C. were dissolved in appropriate amount of water and preserved in a refrigerator at 4 °C before use. List of pesticides used in the study and levels of dilution of each fungicide (unit: times) in this study are given in Table 1 .
Inhibition Rates of Five Kinds of Fungicides
Various experimental germicides were successively diluted to a desired concentration; 1 mL of germicide was mixed evenly with 9 mL of medium in a Petri 
Postharvest Efficacy Test
Select the same size of konjac tuber, and then were surface sterilized with 75% ethanol. The results of chemical screening showed that in PDA media plate, the compounds Fludioxonil (50% WP) and Boscalid (50% WG) were the most effective in controlling the main pathogens. The test of fungicidal antisepsis on tubers consisted of A. muelleri dipped in the 5,000, 7,000, 9,000 diluted solution of Fludioxonil (50% WP) or in the 1,500, 2,500, 3,500 diluted solution of Boscalid (50% WG) for 3 min, and then dry out. In addition, tubers inoculated with sterile water-soaked were used as control dip fruit after pathogen inoculation. Twenty konjac tubers of A. muelleri were sprayed with a 1.0  10 6 conidia/mL suspension from 7-day-old PDA cultures. Each concentration of a pesticide treatment and each treatment were repeated three times. Respectively, according to the following grading standards, and 7 d and 15 d observations of incidence, the survey results were analyzed to calculate the disease index and control effect. All the inoculated tubers were cultured in a greenhouse at 25 °C. The disease grades were recorded to calculate the disease index: Grade 0-no lesion; Grade 1-lesion area accounted for less than 5% of the entire organ area (tuber); Grade 2-lesion area accounted for 6%-15% of the entire organ area;
Grade 3-lesion area accounted for 16%-25% of the entire organ area; Grade 4-lesion area accounted for 26%-50% of the entire organ area; 
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Grade 5-lesion area accounted for more than 50% of the entire organ area.
Statistical Analysis
All experiments were carried out in triplicate, and the results were expressed as average of triplicate determinations. Radial growth and postharvest efficacy test data were analyzed by analysis of variance (ANOVA), and treatment means were compared by using Tukey's honestly significant difference (HSD) test for mean comparison at 5% level of significance. All statistical analysis was performed using SAS 8.01 [19] .
Results and Discussion
Isolation and Purification of Pathogens
A. muelleri crop is generally harvested during December and January in most regions of China. The high humid conditions during this time favour dry rot and other types of rots of konjac tubers that are stored in heaps. This can lead to huge losses. The tubers were shrivelled, mummified and hard (Fig. 1) . Six fungi identified as the pathogens causing tuber rot of A. muelleri were F. solani (A1), F. oxysporum (A 2), B. cinerea (A3), A. alternate (A4), R. nigricans (A5) and P. ulaiense (A6). The main pathogens causing postharvest diseases of A. muelleri were A1, A2 and A3. The isolation frequencies of them were 33.9%, 10.5% and 19.4%, respectively. 
Pathogenicity Test
After inoculation with different pathogenic strains A1, A2, A3, A4, A5 and A6 for 96 h, tubers showed symptoms similar to natural occurrence. The same pathogenic strains were isolated again from the diseased tuber. The incidence of tubers infected by A1, A2, A3, A4, A5 and A6 was 100%, 83.0%, 95.0%, 36.7%, 9.7% and 28.5%, respectively. The main pathogens causing postharvest diseases of A. muelleri were A1, A2 and A3.
Pathogen Identification
According to the morphological analysis and ITS sequencing results, six fungi were identified as the pathogens causing tuber rot of A. muelleri.
A1 was plated on PDA and incubated at 28 °C. Colonies were woolly to cottony colour with cream to white aerial mycelium and a cream colour reverse on PDA media. Observed sporodochia were usually moist and blue-green colored. Macroconidia were moderately curved, stout, thick-walled, usually 3-5 septa, measuring 25.0-47.0 µm  3.3-5.6 µm, and were borne on short conidiophores that soon formed sporodochia. Microconidia, formed on long monophialides, were one to three-celled, measuring 8.8-14.9 µm  2.3-5.0 µm, and occurred in false heads. Chlamydoconidia occurred both singly and in pairs. The pathogen was identified as F. solani based upon colony and conidial morphology [20, 21] . The ITS region of rDNA was amplified using primers ITS4/ITS6, and then sequenced. Basic local alignment search tool (BLAST) analysis of the 536-bp segment showed 100% similarity with the sequence of F. solani (Mart.) Sacc. (Fig. 2a) .
A2 was plated on PDA and incubated at 28 °C. Conidiophores were unbranched or branched short monophialides.
Microconidia were abundant, generally single celled, oval to kidney shaped and produced only in false heads with 5.0-12.0 µm  3.0-3.5 µm. Macroconidia were abundant, slightly sickle-shaped and thin-walled, with an attenuated
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apical cell and a foot-shaped basal cell with 35.0-60.0 µm  3.0-5.0 µm. Chlamydospores were single or in pairs and profusely distributed. These morphological features were typical of those described for F.
oxysporum [22] . The ITS region of rDNA was amplified using primers ITS4/ITS6 and sequenced. BLAST analysis of the 518-bp segment showed 99% similarity with the sequence of F. oxysporum Schlecht. (Fig. 2b) .
A3 was plated on PDA and incubated at 28 °C. Mycelium was initially whitish and turned gray with age. Black, irregular sclerotia formed at random in culture. Mycelium was initially whitish colour and turned gray with increasing age. Black conidiophores bore botryose heads of hyaline, ellipsoid, unicellular conidia, gray in mass, measuring 6.2-9.5 µm  4.5-6.0 µm. Black, irregular sclerotia formed at random in culture. These morphological features were typical for B. cinerea [4] . The ITS region of rDNA was amplified using primers ITS4/ITS6 and sequenced. BLAST analysis of the 558-bp segment showed 99% similarity with the sequence of Botryotinia fuckeliana (perfect stage of B. cinerea Pers.) (Fig. 2c) .
A4 was plated on PDA and incubated at 28 °C. Colonies of the fungus were deep green with white mycelium borders. Conidiophores were light brown with 2-4 septa. Conidia were obclavate, measuring 14.9-47.6 µm × 8.5-15.8 μm, with a short beak, and with 1-5 transverse septa and 0-3 longitudinal septa, light brown to olive-brown. Based on morphology, the pathogen was identified as A. alternate [23] . The ITS region of rDNA was amplified using primers ITS4/ITS6 and sequenced. BLAST analysis of the 529-bp segment showed 99% similarity with the sequence of A. alternata (Fr.) Keissl. (Fig. 2d) .
A5 was plated on PDA and incubated at 28 °C. Fungal isolates developed copious, white, aerial mycelium that became dark gray after 2-3 d. Prostrate hyphal arcuate curved, in contact with the substrate to produce rhizoids at sporangiophore erect unbranched, light brown, sporangium spherical or oval, dark brown, diameter of 68.0-372.0 μm, spores of irregular shape, nearly spherical, oval, measuring 4.3-11.2 µm × 6.4-7.9 μm. Based on morphology, the pathogen was identified as R. nigricans Ehrenb. [24] (Fig. 2e) .
A6 was plated PDA and incubated at 28 °C. Fungal isolates developed colonies green. Conidiophores of isolates were terverticillate, stipes were septate with rough walls and phialides were ampulliform. Conidia were smooth, borne in columns, and were spherical to subglobose, measuring 3.5-4.7 µm  2.5-4.2 μm. Based on morphology, the pathogen was identified as P. ulaiense Hsieh, Su & Tzean [25] (Fig. 2f) . 
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Effect of Different Fungicides
Radial Growth of Three Pathogens
The effect of five fungicides on radial growth of three pathogens (F. solani, F. oxysporum and B. cinerea) was studied to screen out which fungicides are highly effective against this fungus. The average radial growth of fungus was significantly affected by different fungicides. The results of chemical screening showed that in PDA media plate, the compounds Fludioxonil (50% WP) and Boscalid (50% WG) were the most effective in controlling the three main pathogens, and the average effect reached more than 97%. The different levels of dilution of Iprodione (50% SC), Carbendazim (50% WP) and Kresoxim-methyl (10% SC) had different antifungal effects. The antifungal effect of Iprodione (50% SC) was apparent (F. solani, F. oxysporum and B. cinerea with 93.2%, 97.8% and 98.9%, respectively), when the level of dilution was more than 2,000 times. The inhibition rate of Kresoxim-methyl (10% SC) was less than 65% (F. solani and F. oxysporum with 59.2% and 63.1%, respectively), when the dilution level was more than 5,000 times ( 
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inhibiting fungicides in combination with other anticorrosion methods pathogens will effectively extend the konjac tuber storage time. In this paper, konjac postharvest diseases and pathogens were identified. Major pathogens were fungicide screening for postharvest diseases. Konjac major causative pathogen characteristics and fungicides, and other control techniques in the warehouse during storage problem have not been involved, but also need for further study. The findings of the current studies will provide basic information for A. muelleri postharvest disease management in field conditions.
Conclusions
Progressive increase of production and application of chemicals fungicides for agriculture as well as for plant protection has converted the problem of environmental pollution into national and international issue. Therefore, more efforts are being directed using selective chemicals, as well as assessment and usage of their minimum concentration required for disease management. Initially, according to the morphological analysis and ITS sequencing results, six fungi were identified as the pathogens causing tuber rot of A.
muelleri. The main pathogens causing postharvest diseases of A. muelleri were F. solani, F. oxysporum and B. cinerea.
Screening bioassays were carried out to determine the most suitable fungicides for the management of A. muelleri postharvest disease on the basis of their effectiveness as well as economics. All the chemicals used in this study effectively reduced the radial mycelial growth of six pathogens. The concentrations of different fungicides were selected on the base of reduction in radial growth. Indoor toxicity test results indicated that five germicides used in this study all exhibited varying degrees of inhibitory effect on mycelial growth of three main pathogens. In PDA media plate, the compounds Fludioxonil (50% WP) and Boscalid (50% WG) were the most effective in controlling the three main pathogens, and the average effect reached more than 97%, while inhibitory effects of other germicides were different, which may be related to the different control characteristics or molecular structures of various germicides.
The test of fungicides antisepsis of tubers showed that A. muelleri were dipped in the 9,000 diluted solution of Fludioxonil (50% WP) or in the 3,500 diluted solution of Boscalid (50% WG) for 3 min and stored at room temperature ( 
